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1. In t roduc t ion  

I 

The s o l a r  e c l i p s e  of 20 J u l y  1963 w a s  v i s i b l e  a t  ground l e v e l  through- 

Out t h e  North American con t inen t ,  as w e l l  as t h e  n o r t h e r n  polar cap  and 

p o r t i o n s  of t h e  A t l a n t i c  and P a c i f i c  Oceans and of South America. The pa th  

of t o t a l  e c l i p s e ,  aga in  a t  ground l eve l ,  c ros sed  North America d iagona l ly ,  

pas s ing  j u s t  no r th  of Anchorage, Alaska, and con t inu ing  sou theas t  through 

Canada and a c r o s s  t h e  Maine-Canada border. The semi-duration w a s  m o r e  t han  

one hour a t  a l l  p o i n t s  of i n t e re s t  i n  t h i s  s tudy.  

D a t a  w e r e  ob ta ined  during t h e  e c l i p s e  a t  many of t h e  ionosonde s t a t i o n s  

i n  t h e  United S t a t e s  and Canada. From among t h e s e  r eco rds  those of f i v e  

s t a t i o n s  have been s e l e c t e d  f o r  ana lys i s ,  namely Anchorage, Alaska; Winnipeg 

and F o r t  Church i l l ,  Manitoba; Mil ls tone H i l l  (Westford), Massachusetts;  

F o r t  Monmouth, New J e r sey .  Table 1 lists p e r t i n e n t  geographical  and ground 

l e v e l  e c l i p s e  d a t a  a t  each of t h e s e  s t a t i o n s .  S p e c i f i c  s o l a r  obscu ra t ion  

d a t a  a t  h e i g h t s  above ground l e v e l  a r e  contained i n  f i g u r e s  1 through 3 

f o r  M i l l s t o n e  H i l l ,  F o r t  Monmouth, and Anchorage, and i n  t a b l e  2 f o r  t h e  

remaining two s t a t i o n s .  I t  should be noted t h a t  a t  t w o  of t h e  l o c a t i o n s ,  

Anchorage and Mi l l s tone  H i l l ,  t h e  e c l i p s e  w a s  t o t a l  a t  h e i g h t s  of 150-200 

and 300 k i lome te r s  r e s p e c t i v e l y  . 
The s t a r t i n g  p o i n t  f o r  t h i s  a n a l y s i s  i s  t r u e  h e i g h t  da t a ,  N(h), f o r  

t h e  d a y l i g h t  hours  of 19  and 20 J u l y  1963, de r ived  from t h e  ionograms of 

t h e  ionosonde s t a t i o n s  noted above. Since t h e  range of t h e  e l e c t r o n  d e n s i t y  

p r o f i l e s  spans t h e  he igh t  i n t e r v a l s  a s s o c i a t e d  by convention wi th  t h e  E, 

F1, and F2 r e g i o n s  of t h e  ionosphere,  i t  w i l l  be convenient t o  d i s c u s s  t h e  

d a t a  according t o  t h e s e  he igh t  i n t e r v a l s ,  prefaced by gene ra l  c o n s i d e r a t i o n s  

of t h e  corresponding ionosphe r i c  regions.  



. 

A i i c . l i o r * a g c  Ft . Churchi 11  F t  . Monmout h Mi 1 lstone Hill 
A1 as ka Mani toha New Jersey Massachusetts 

W i nn i peg 
Manitoba 

49.9zN 
97.4 w 

77.7 

1 OoE 

1400 
CST 

15 14 
CST 

1628 
CST 

lh 14m 

91.8% 

0 

Time of 
last 

contact 
(CST) 

1628 

1630 

1630 

1632 

161 I 

1614 

1616 

1616 

S t  1 ion 

6 1 . 2 O N  0 58.8zN 40.3EN 42.6zN 
150.0 w 91.2 w 74.0 w 71.5 W 

83.5O 71.6O 73.2O 
0 71.1 

27OE 3'E 1 oow 14OW 

I ) i  p 

1k.c 1 i n a t  ion 

F i r s t  
Contact 

0850 1352 
AST CST 

1544 
EST 

1540 
EST 

Middle of 
Ec 1 ipse 

1003 1503 
AST CST 

1648 
EST 

1644 
EST 

Last 
Contact 

1116 1614 
AST CST 

1752 
EST 

1748 
EST 

Sc-mi-(Jurat ion lh 13m lh llm lh 04m lh 04m 

Mdx 1 mum 
O b s  c u r a t i on 

99.9% 91.3% 91.8% 93.5% 

T a b l e  2. Eclipse Data Above Ground Level 

Height  
ahovc! 
g r o tin d 
(km) 

1 0 0  

200 

300 

,150 

1 0 0  

2i)O 

: I o 0  

1 7 0  

Maximum 
solar 

obscuration 
(% 1 

Time of 
maximum 

obscuration 
(CST) 

Time of 
first 
contact 
(CST 1 

1400 

1200 

1400 

1.100 

1352 

135 1 

1 3.5 1 

135 1 

S t a t i o n  

W 11111 i pcbg 
Man I 1 o I > : i  

85 1516 

87 1516 

89 1518 

9 3 1518 

92 1506 

90 1506 

H i  1506 

X . I  1506 



3 

Our purpose is to present the true height data for the eclipse period, 

to n o t e  the similarities and dissimilarities in the observations at the 

different stations, and to investigate the probable causes of the observed 

behavior with reference to processes occurring in the ionosphere. An initial 

section reviews the electron density continuity equation and the final section 

before the conclusions discusses the interpretation of the parameter S 

which is related to the thickness of the F2 peak. 

cat 
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2. The Continuity Equation 

The continuity of the electron density at any height is expressed 

in general form by the equation 

Loss by Loss by 
- q - Chemical - Transport 

Processes Processes 

aN 
at 
- -  

. '  
I 

I 
I 

where 

q = electron production rate per unit volume 

N = electron number density. 

The transport term represents a loss (or a gain with the opposite sign) of 

electrons, since the equation is written on a per volume basis. 

The Chapman theory of ionized layers leads to an approximate solution 

of the continuity equation which has proven useful in regard to ionospheric 

regions in photochemical equilibrium. Accordingly, it is relevant to review 

the assumptions which underlie and the equations which describe the Chapman 

model. The assumptions are the following: 

(1) a flat earth, 

(2) constant acceleration of gravity, g, 

(3 )  isothermal atmosphere composed of a single ionizable species, 

distributed exponent ia 1 ly , that is 

where 

n(h) = number density of the ionizable species, 

H = scale height = constant, 

k = Boltzmann's constant, 

T = absolute temperature,, 

m = mass of the ionizable species, 



. 
I 
I .  

5 

( ~ 1 )  r:onociiromatic radiation, I, incident at an angle X with the earth's 

corma 1 .. 
(5) rate of ion-electron pair production equal to the rate of absorp 

tion of the radiation. 

The relations follow immediately from the assumptions. First the rate 

of radiation absorption is 

(2-3) 
d dh I(h) = Q sec X I(h) n(h) 

where 0, the cross-section for absorption, is interpreted as the probability 

that a photon will be absorbed in unit time if there is unit incident radiation 

flux. Integration and application of the upper boundary condition 

yield 

IOC 
I(h = top of atmosphere) = 

co 

(2-4) 

I(h) = I exp [ -Q sec X J n(h') dh'] . 
h 

00 (2-5) 

Assumption (3) permits evaluation of the remaining integral which leads to 

-I- I(h) = Im e 

where 

I- = optical depth = Q sec X n(h) H . 

Assumption ( 5 )  can be expressed mathematically by 

dI 
dh 

dl - cos x - q(h) = - - - ds 

and differentiation of equation (2-6) provides an expression which may be 

substituted for the derivative in equation (2-8)  to obtain 
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The maximum production rate can be determined in the usual manner and 

substituted in equation (2-9) yielding 

h-hm h-h m 
exp (- -11 H 

q(h) = qm exp [l - - - H 
(2- 10) 

where 

h = height of maximum production 

‘rn - ‘0 

qo = q(h = h and X = 0 )  , 

m 

cos x - 

m 

(2-11) 

(2-12) 

The height of maximum production is found, again by the usual method, to 

be given by 

exp (hm/H) = n O- H sec X . (2-13) 
0 

The loss processes must also be considered. If it is assumed that 

(1) 

(2) chemical loss processes other than ion-atom interchange and 

transport process may be neglected, 

dissociative recombination, successively, can be neglected, and 

(3) there is a single molecular species, 

then for a given height 

d - n(A) = q - p n(A) dt 

where 

n(A) = atomic ion density 

n(M) = molecular ion density 

a = dissociative recombination coefficient 

p = linear loss coefficient. 

(2-14) 

(2- 15) 

(2- 16) 
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i 

Further assumptions that the time derivatives are negligible and that the 

ionosphere is electrically neutral lead to a simple form of the continuity 

equation 

it has been shown (Eatciiffe, i956b; iiirsh, iS62j that the equation 

(2-17) 

is a very good approximation to equation (2-16) 

(2- 18) 

whether or not the time 

derivatives in equation (2-14), (2-15), and (2-16) vanish. 

It should be noted that a, the dissociative recombination coefficient 

is not height dependent (except possibly through temperature dependence) 

but that P, the linear loss coefficient, is of the form 

where y is the rate coefficient of the ion-atom interchange reaction. 

quently, (3 is a strong function of height. 

for an atmosphere with two molecular constituents provided a and P are inter- 

preted as effective coefficients, properly determined from parameters associated 

with the two constituents. In this case, a and P will both be height depen- 

dent (Hirsh, 1962). 

Conse- 

Equation (2-18) remains valid 

If (3 >> a, equation (2-18) can be simplified to 

2 
= q - a N  . dN 

dt 
- (2- 20) 

If photochemical equilibrium is assumed and the production expression 

previously derived (equations (2-10) and (2-11)) is substituted for q, 

equation (2-18) becomes 
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h-h h-h 
1 m m 

1/2 exp (- 7 1 1  N = (- COS X )  exp - [1  - - - qO 

a 2 H 
(2-21) 

which descr ibes  a Chapman a- layer .  When t h i s  equa t ion  i s  eva lua ted  a t  t h e  

he igh t  of maximum e l e c t r o n  product ion,  t h e  exponen t i a l  f a c t o r  is u n i t y  and 

qO 1/2 N = (- COS X )  
m a 

S imi l a r ly ,  if a>> p, equa t ion  (2-18) reduces t o  

- dN = q - P N .  
d t  

(2- 22) 

(2-23) 

When, as before,  photochemical equ i l ib r ium i s  assumed and t h e  expres s ion  

f o r  q i n  equat ions  (2-10) and (2-11) is s u b s t i t u t e d ,  e q u a t i o n  (2-18) becomes 

h-h h-h m m 
exp (- 7 ’ 1  qO N = - C O S  X exp  [ l  - - -  P H 

(2- 24) 

which desc r ibes  a Chapman P-layer.  A t  t h e  h e i g h t  of maximum e l e c t r o n  produc- 

t ion, 

(2-25) qO 

Nm - p - - cos  X . 

In  p rac t i ce ,  t h e  Chapman a- layer  is more u s e f u l  t han  t h e  P-layer as a n  

approximation t o  a c t u a l  i onosphe r i c  behavior,  because a t  t h e  h ighe r  l e v e l s  

where w e  expect a >> p, t r a n s p o r t  p rocesses  become i n c r e a s i n g l y  s i g n i f i c a n t .  

The a - layer  model f i n d s  a p p l i c a t i o n  p r i m a r i l y  i n  t h e  E and t o  a lesser e x t e n t  

i n  t h e  F1 region.  A t  lower l e v e l s ,  i .e.,  i n  t h e  D r eg ion  and t h e  C reg ion ,  

i f  i t  is considered d i s t i n c t  from t h e  D reg ion ,  assumption (2) r ega rd ing  

chemical processes  i s  not w e l l  j u s t i f i e d .  

The e f f e c t s  of t r a n s p o r t  p rocesses  and o t h e r  d e p a r t u r e s  from t h e  Chapman 

theo ry  w i l l  be cons idered  i n  t h e  d i s c u s s i o n s  of t h e  i n d i v i d u a l  i onosphe r i c  

r eg ions  t h a t  follow. 



3. The E Region 
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I 

I 

The e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  i n  t h e  lower E r eg ion  b e l o w  t h e  turbo-  

pause (approximately 110 km) is complicated by mixing processes .  S ince  t h e  

t r u e  he igh t  d a t a  presented  i n  t h i s  report do not  extend down t h i s  f a r ,  w e  

w i l l  l i m i t  our  d i s c u s s i o n  to  h e i g h t s  above t h e  turbopause.  

Proposed product ion  processes  i n  t h e  E reg ion  have been summarized by 

Nicole t  (1962) as t h e  i o n i z a t i o n  of molecular oxygen and molecular  n i t r o g e n  

by x - r ad ia t ion ,  of molecular  oxygen by W r a d i a t i o n ,  and of atomic oxygen 

by both W and x - rad ia t ion .  There i s  gene ra l  agreement t h a t  t h e  p r i n c i p a l  

l o s s  process  is d i s s o c i a t i v e  recombination a l though the  agreement does not  

ex tend  to  t h e  s p e c i f i c  chemical r e a c t i o n s  involved.  

The n a t u r e  of t h e  chemical processes  and t h e  f u r t h e r  f a c t  t h a t  i n  t h i s  

r eg ion  photochemical equ i l ib r ium is e s t a b l i s h e d  dur ing  t h e  daytime sugges t  

t h a t  t h e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  should be approximately t h a t  p red ic t ed  

by t h e  Chapman l a y e r  theory,  a conclusion t h a t  has been confirmed by many 

obse rva t ions .  Departures  from t h e  Chapman model become apparent  when t h e  

r e c u r r i n g  v a r i a t i o n s  i n  t h e  E r eg ion  a r e  considered.  To minimize these 

d i f f e r e n c e s ,  g e n e r a l i z a t i o n s  of t h e  theory have been accomplished, as noted 

i n  t h e  s t a n d a r d  t e x t s ,  f o r  the  cases  of s p h e r i c a l  earth, non-isothermal 

atmosphere, polychromatic  r a d i a t i o n ,  and m u l t i p l e  molecular species. 

R e s u l t s  of e a r l y  e c l i p s e  s t u d i e s  have been t abu la t ed  by R a t c l i f f e  

(1965a). I n  r ega rd  t o  t h e  E region,  t hese  i n v e s t i g a t i o n s  are p r i m a r i l y  

d i r e c t e d  toward o b t a i n i n g  t h e  va lue  of t h e  e f f e c t i v e  recombinat ion c o e f f i -  

The method most commonly adopted f o r  t h i s  purpose i s  based on aeff  c i e n t ,  

t h e  c o n t i n u i t y  equat ion ,  s i m p l i f i e d  by neg lec t ing  t r a n s p o r t  e f f e c t s  and by 

c o n s i d e r i n g  only  t h e  q u a d r a t i c  l o s s  (i.e., equa t ion  ( 2 - 2 0 ) ) .  The product 

of t h e  Chapman product ion  func t ion  and t h e  f r a c t i o n  of t h e  s o l a r  d i s c  unobscured 



then serves as the production term to complete the model. The value of 

a can be inferred from the variation of N E during the course of the eclipse-- 

more specifically from the maximum and minimum observed values of N E, the 

times at which they occurred and the calculated value of the production term 

for these times. Alternatively, trial values of a can be selected and 

theoretical N E versus time curves calculated by means of the ionospheric 

model. The theoretical curve which best fits the experimental curve then 

eff m 

m 

eff 

m 

eff. indicates the correct value of a 

Although these methods, in addition to the neglect of transport phenomena, 

are non-rigorous for reasons summarized by Ratcliffe, the results indicated 

the non-uniform brightness of the solar disc and further indicated the presence 

of incident radiation during eclipse totality before this fact of coronal 

radiation was confirmed by direct measurements (Friedman, 1960). 

Values of the effective recombination coefficient determined by these 

methods and later, by more refined techniques (e.g., Minnis, 1956; Szendrei 

and McElhinny, 1956) agree with few exceptions on an order of magnitude, 

viz. 10 cm sec . Bowhill (1961) subsequently considered a two ion model 

and determined the values of the two components of a considering separately 

both eclipse data and measurements of f E diurnal variations. The conclusions 

in both bases indicated that the components of a are of different orders 

-8 3 -1 

eff 

0 

eff 
-7 -9 3 -1 of magnitude, viz. 10 and 10 cm sec . This result implies a time variation 

of the effective recombination coefficient, since the larger component would 

initially predominate but become less significant as the concentration of 

the related ion decreased. 

Data f o r  the 20 July 1963 eclipse are displayed as true height, N(h) 

prof'iles in figures 4 through 8. For  each station, curves were plotted 

for the three times corresponding closely to beginning, middle, and end of 
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e c l i p s e  cond i t ions .  The graphs show s i m i l a r  E r e g i o n  behavior  f o r  t h e  f i v e  

s t a t i o n s ,  a decrease  i n  t h e  number d e n s i t y  a t  a l l  h e i g h t s  through t h e  f i r s t  

h a l f  of t h e  e c l i p s e  per iod  fol lowed by a n  inc rease ,  a f t e r  maximum e c l i p s e  

phase. The d i f f e r e n c e  between pre- and pos t - ec l ip se  va lues  of e l e c t r o n  

d e n s i t y  a t  f i x e d  h e i g h t s  i n  t h e  E r eg ion  is  notab ly  d i f f e r e n t  at s t a t i o n s  

t h a t  are geographica l ly  f a r  a p a r t  and ag rees  wi th  t h e  normal d i u r n a l  v a r i a t i o n  

of t h e  reg ion .  Thus a t  Anchorage where t h e  e c l i p s e  occurred  i n  the  morning 

t h e  E r eg ion  e l e c t r o n  d e n s i t y  re turned  t o  t h e  p re -ec l ip se  value,  whereas 

a t  t h e  e a s t e r n  s t a t i o n s  where the e c l i p s e  occurred i n  the a f t e rnoon  t h e  e l e c t r o n  

d e n s i t y  d i d  not r e t u r n  t o  the pre-ec l ipse  va lue  i n  t he  E reg ion .  In te rmedia te  

s t a t i o n s  show in t e rmed ia t e  r e s u l t s .  

Rocket measurements of e l e c t r o n  d e n s i t y  above F o r t  Church i l l ,  Manitoba, 

du r ing  t h e  e c l i p s e  (Smith e t  al . ,  1964) showed a decrease  i n  E reg ion  e l e c t r o n  

d e n s i t y  without  apprec i ab le  change i n  t h e  shape of t h e  p r o f i l e .  This  obser-  

v a t i o n  i s  i n  c l o s e  agreement w i t h  t h e  ionosonde d a t a .  The rocke t  measurements 

f u r t h e r  i n d i c a t e d  a t i m e  l a g  of less than three minutes between N E and 

maximum e c l i p s e  phase which, t oge the r  w i th  t h e  ionosonde da ta ,  impl ies  a 

m 

-7  3 -1 minimum value  of 1 x 10 c m  s e c  f o r  t h e  e f f e c t i v e  recombinat ion c o e f f i -  

c i e n t ,  a i n  t h e  E reg ion .  e f f ’  
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Electron production at F1 heights is generally attributed to the ioniza- 

tion of atomic oxygen and molecular nitrogen by solar W (200-850 2) and 
x-radiation, and electron loss to dissociative recombination of molecular 

oxygen, molecular nitrogen, and nitric oxide. There is considerable doubt 

as to the predominant ion-atom interchange reaction that precedes the dissoci- 

ative recombination. It is expected that more reliable determination of the 

associated rate constants together with more detailed knowledge of the compo- 

sition of the atmosphere at this level will resolve the ambiguity. 

It has long been observed that the critical frequency f F1, when it 
0 

appears on the ionograms, varies approximately as the peak of an idealized 

Chapman a-layer, but corresponds on the true height curves to a ledge on 

the electron density profile rather than to a peak, with but few exceptions. 

The pattern of occurrence of f F1 can be summarized as follows: 
0 

(1) never at night, 

(2) more often at midday, and 

(3) preferably at sunspot minimum. 

A relatively simple theory to account for the splitting of the F layer 

has been formulated by Ratcliffe (1956b) and Hirsh (1959) and since summarized 

elsewhere (e.g., Risbeth, 1962). The ledge which characterizes the F1 region 

on the true height curves is shown to result if the transition from quadratic 

to linear loss occurs at the height of maximum electron production. The 

derivation assumes photochemical equilibrium in addition to those assumptions 

previously listed for the Chapman production function and the simplified 

continuity equation, so that 

0 = 4 -  ap p + a N  N2 

-- ~- 

4.  The F1 Region 

(2-17) 
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w i t h  s o l u t i o n  

i 

2 
N = [ l  + (1 + 4 p)1/2] . 

2P aq 
(4-1) 

The shape of t h e  p r o f i l e  i n  the  v i c i n i t y  of t h e  product ion peak is governed 

by 

where t h e  expres s ion  on t h e  r i g h t  is t o  be eva lua ted  a t  t h e  he igh t  of t h e  

product ion peak. I t  is  found t h a t  f o r  r > 2, a prominent ledge appears  i n  

the  e l e c t r o n  d e n s i t y  p r o f i l e .  

I n  o r d e r  t o  p r e d i c t  t h e  shape of t h e  p r o f i l e ,  i t  i s  necessary t o  w r i t e  

t h e  f u n c t i o n a l  dependence of r on q and on X. Since  p is p r o p o r t i o n a l  t o  

t he  c o n c e n t r a t i o n  of t h e  molecular c o n s t i t u e n t  involved i n  t h e  ion-atom 

in t e rchange  r e a c t i o n  (equat ion (2-19)) and s i n c e  t h i s  c o n s t i t u e n t  is d i s t r i -  

buted e x p o n e n t i a l l y  

h-h 

Hm 

m p = p, exp [ -  -1 (4-3) 

where 

h is t h e  he igh t  of t h e  production peak 

pm m 

H is t h e  scale he igh t  of t h e  c o n s t i t u e n t  involved i n  t h e  ion- 

m 

is the  va lue  of p a t  h = h 

m 

atom in te rchange  r eac t ion .  

Defining 

k = Hi/Hm (4-4) 

where H i s  t h e  scale he igh t  of t h e  ion izab le  c o n s t i t u e n t ,  t h e  l a s t  two 

e q u a t i o n s  can be combined t o  y i e l d  

i 
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Substituting expressions from equations (4-4), (2-11), and (2-13) in equation 

(4-2) leads to 

where 

= q(h = h and X = 0) q0 m 
(2-12) 

and a is assumed constant. 

Taking atomic oxygen as the ionizable constituent, k = 2 if the molecular 

constituent involved in the ion-atom interchange reaction is molecular oxygen 

and k = 1.75 if the molecular constituent is nitrogen. Thus the appearance 

of the F1 ledge toward midday and more often in summer is predicted by the 

variation of r with X. Its appearance more often during sunspot minimum 

periods follows from the inverse variation of r with q . 
0 

Before discussing eclipse observations relating to the F region, it is 

prudent to review briefly two problems in the interpretation and reduction 

of the associated ionograms, the "valley" problem and the possibility of 

oblique reflections. Both of these problems have been considered by Gledhill 

(1959) who concluded from computations using a relatively simple model of 

the ionosphere that the possible error might be significant. Since the 

error, if any, introduced in the true height data would be most difficult 

to evaluate precisely, a reasonable limit on detailed conclusions from the 

data must be recognized. 

The "valley" problem occurs whenever the electron density below the 

F2 peak is not a monotonically increasing function of height. 

may be defined as any height interval below the F2 peak in which the electron 

density is less than the density at any lower height. It is immediately 

evident that radio sounding techniques cannot obtain information about the 

A "valley" 
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electron density in the "valley" since the signals will be reflected at the 

lower height where the electron density is equal to that of the 'tvalley." 

Since the true height data is normally obtained by assuming that the electron 

density is a monotonically increasing function of height, although several 

methods for obtaining more exact profiles have been suggested (e.g., Paul 

and Wright, 1964), the occurrence of a "valley" would cause the data for 

heights above the "valley" to be in error to some degree. A "valley" may 

be formed during an eclipse because the smaller recombination coefficient 

at the higher levels does not permit the electron density at these levels 

to react as rapidly as that in the lower regions to changes in production 

occurring during the eclipse. 

above the height of f F1, introducing error in the true height data for the 

F2 peak. 

By this mechanism, a "valley" could be formed 

0 

Because the solar obscuration during an eclipse on a surface of constant 

height is not uniform, horizontal gradients in the electron distribution 

are introduced. Consequently, there is the possibility of enhanced oblique 

reflections which can complicate interpretation of ionograms. 

A large proportion of F1 region eclipse observations have been concerned 

with the calculation of the effective recombination coefficient by the same 

methods as were noted in connection with the E region. Since the calculations 

have been based on theoretical models which assume only quadratic loss, a 

high degree of precision could not be expected in results relating to the 

F1 region, where the effects of linear loss become significant, as we have 

indicated. 

More relevant to our investigation is the tendency of solar eclipses 

to alter the pattern of occurrence of the F1 ledge, causing it to appear 

when it would not otherwise have been expected or to disappear when it would 

have remained according to its diurnal variation. An example, well documented 
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from t h e  aspect of c o n t r o l  da ta ,  of t h e  former behavior  is t h e  1961 e c l i p s e  

over  Athens ( I l i a s  and Anas tass iad is ,  1964). On t h a t  occasion, f F1 appeared 

on t h e  ionograms dur ing  an  e a r l y  morning e c l i p s e  s e v e r a l  hours  e a r l i e r  

than  on t h e  c o n t r o l  days which inc luded  t h e  e n t i r e  e c l i p s e  month. 

0 

Although t h e  appearance of f F1 fo l lowing  t h e  onse t  of an  e c l i p s e  is 
0 

c o n s i s t e n t  with t h e  theory  of t h e  F1 r eg ion  w e  have ou t l ined ,  t h e  oppos i t e  

e f f e c t  cannot be  reasonably  expla ined  i n  terms of t h i s  model, which p r e d i c t s  

an i n c r e a s e  i n  t h e  parameter r and consequent ly  a better de f ined  F1 ledge  

f o r  any decrease  i n  e l e c t r o n  product ion.  I t  should  be noted t h a t  s i n c e  

t h e  theory  was developed i n  t e r m s  of s t a t i c  c o n d i t i o n s  which do not  p r e v a i l  

dur ing  an  e c l i p s e ,  i t s  use i n  p r e d i c t i n g  e c l i p s e  phenomena i s  not  j u s t i f i e d .  

The t r u e  h e i g h t  curves  f o r  t h e  20 J u l y  1963 e c l i p s e ,  f i g u r e s  4 through 

8, a l l  inc lude  a w e l l  d e f ined  F1 ledge a t  t h e  beginning of t h e  e c l i p s e ,  a 

normal s i t u a t i o n  for daytime i n  mid-summer, d u r i n g  sunspot  minimum. A t  

mid-eclipse,  a ledge is ba re ly  d i s c e r n i b l e  a t  F o r t  Church i l l  and not  a t  a l l  

a t  Mi l l s tone  H i l l  and a t  Winnipeg. The d e n s i t y  p r o f i l e s  f o r  i n t e rmed ia t e  

t i m e s ,  which a r e  not  inc luded  i n  t h i s  r e p o r t ,  i n d i c a t e  t h a t  t h e  smoothing 

of t h e  p r o f i l e  and subsequent  r e t u r n  of t h e  ledge  i s  a g radua l  process  as 

would be expected,  The ionograms a l s o  show a g r a d u a l  loss of t h e  i n i t i a l l y  

w e l l  de f ined  f F1 cusp. The in t e rmed ia t e  t i m e  p r o f i l e s  f u r t h e r  i n d i c a t e  

t h a t  h F1 d i d  no t  vary  apprec i ab ly  du r ing  t h e  e c l i p s e .  Pos t - ec l ip se  condi- 

t i o n s  a r e  i n  agreement w i t h  t h e  t i m e  of day. A t  Anchorage, t h e  e l e c t r o n  

d e n s i t y  re turned  approximately t o  t h e  v a l u e  a t  f irst  c o n t a c t  and t h e  charac-  

t e r i s t i c  ledge was w e l l  de f ined  fo l lowing  t h e  e c l i p s e ,  whereas a t  t h e  eastern 

s t a t i o n s ,  t h e  pos t - ec l ip se  e l e c t r o n  d e n s i t y  i s  lower and t h e  ledge 1s no t  

so  w e l l  de f ined  as a t  t h e  beginning of t h e  e c l i p s e .  

0 

m 

I t  is c l e a r  from t h e  v a r i e t y  of e c l i p s e  e f f ec t s  t h a t  have been observed 

t h a t  t h e  F1 reg ion  cannot be expla ined  e n t i r e l y  i n  t e r m s  of photochemical 

quasi-equi l ibr ium. 
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5. The F2 Region 

We have previously noted that above the level of maximum production, 
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which is in the F1 region, the electron density increases with height because 

the rate of loss decreases more rapidly than the rate of production. The 

increase in electron density does not continue indefinitely but teiiiifiiatas 

at the F2 peak, where the effects of loss, production, and diffusion approxi- 

mately balance one another in the daytime. Since the condition of diffusive 

equilibrium is rapidly attained above the F2 peak, the daytime F2 region 

in the neighborhood of the peak is the transition between levels of photo- 

chemical equilibrium below and diffusive equilibrium above. A corollary 

is that the ionization at the daytime F2 peak is not entirely in either 

diffusive or photochemical equilibrium. For sunspot minimum conditions, 

experimental observations of the electron density around the F2 peak are 

in fact readily explained in terms of only production and diffusion in 

this region with electron-ion recombination confined to the region below 

200 km (Pound and Yeh, 1965). 

Diffusion of the ionization through the neutral atmosphere is properly 

termed ambipolar diffusion because the electrostatic forces compel the 

electrons and the ions to migrate together. Accordingly, the height 

variation of the ionization is characterized by a single scale height which 

depends on the temperatures of both the ions and the electrons, and on the 

mass of the ions, since the mass of the electrons is relatively negligible. 

The scale height with which the ionization is distributed in the diffusive 

equilibrium region is 

e 

P mig Ti 

T 
H = -  (1 +-1 (5-1) 

where 



18 

Te = e l e c t r o n  temperature  

= i o n  temperature  Ti 

m = mass of t h e  ions  i 

P 
and H = s c a l e  he igh t  of t h e  i o n i z a t i o n .  

If t h e  mass of t h e  ions  is  approximately equal  t o  t h a t  of t h e  n e u t r a l  

p a r t i c l e s ,  which is t r u e  i n  t h e  F2 region,  and i f  t h e  i o n  temperature  is  

approximately equal  t o  t h e  n e u t r a l  temperature,  which is t r u e  i n  t h e  v i c i n i t y  

of t h e  F2 peak, then t h e  scale he igh t  of t h e  i o n i z a t i o n  i s  related t o  t he  

n e u t r a l  s c a l e  he igh t  by t h e  equat ion  

T e 

P Ti 
H = Hn (1 +-) . (5-2) 

The v a r i a t i o n  of t h e  e l e c t r o n  and t h e  i o n  tempera ture  has been t h e  

s u b j e c t  of several r e l a t i v e l y  r e c e n t  i n v e s t i g a t i o n s  (Hanson, 1963; Dalgarno 

e t  a l . ,  1963). W e  w i l l  merely d i s c u s s  t h e  phys ica l  p rocesses  t h a t  cause 

t h e  p a r t i c l e  temperatures t o  d i f f e r  and t h e n  i n d i c a t e  t h e  t y p i c a l  v a r i a t i o n  

of Te and Ti f o r  condi t ions  of low s o l a r  a c t i v i t y .  

Some of t h e  energy absorbed by t h e  atmosphere i n  t h e  process  of photo- 

i o n i z a t i o n  appears as k i n e t i c  energy of t h e  pho toe lec t rons .  This  energy 

can be t r a n s f e r r e d  t o  t h e  n e u t r a l  p a r t i c l e s  and t o  t h e  i o n s  by both e las t ic  

and i n e l a s t i c  c o l l i s i o n s .  However, t h e  mass r a t i o  and t h e  r e l a t i v e l y  low 

ion  d e n s i t y  compared t o  t h a t  of t h e  n e u t r a l s  l ead  t o  t h e  conclus ion  t h a t  

t h e  ions  are unimportant i n  the rma l i z ing  energetic pho toe lec t rons .  Again 

because of t h e  mass r a t i o ,  e l a s t i c  c o l l i s i o n s  wi th  n e u t r a l s  are unimportant,  

but  i n e l a s t i c  c o l l i s i o n s  between photoe lec t rons  and n e u t r a l s  are important  

i n  thermal iz ing  photoe lec t rons  i n  t h e  lower ionosphe r i c  r eg ions .  The photo- 

e l e c t r o n s  can a l s o  t r a n s f e r  energy t o  t h e  ambient, thermal  e l e c t r o n s  by 

e l a s t i c  c o l l i s i o n s ,  and t h i s  process  is impor tan t  above t h e  F2 peak. The 

' I  
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0 

l a s t  f e w  e l e c t r o n  v o l t s  of photoe lec t ron  energy is put i n t o  t h e  ambient 

e l e c t r o n s .  Th i s  causes  t h e i r  temperature  t o  rise above t h e  n e u t r a l  tempera- 

t u r e .  The ambient e l e c t r o n s  are c o o l e d  v i a  energy t r a n s f e r  t o  t h e  ions, 

but  a t  lower a l t i t u d e s  t h e  ions  and n e u t r a l s  are i n  s u f f i c i e n t l y  good thermal  

con tac t  t h a t  t h e  i o n  temperature  is t h e  s a m e  as the  n e u t r a l  temperature .  

However a t  h ighe r  a l t i t u d e s  t h e  i ons  a re  no t  i n  s u f f i c i e n t l y  good thermal  

con tac t  w i t h  t h e  n e u t r a l s  t o  t r a n s f e r  energy r a p i d l y  enough t o  keep from 

being r a i s e d  t o  t he  same t e m p e r a t u r e  as t h e  e l e c t r o n s .  The temperature  

d i f f e r e n c e s  a t  any he ight ,  t h a t  i s  (T 

r e l a t i v e  importance of a l l  t he  energy t r a n s f e r  processes .  

- T ) and (Te - Tn) depend on the  
i n 

A r e c e n t  a n a l y s i s  of the  e l e c t r o n  and i o n  temperature  v a r i a t i o n  which 

inc luded  t h e  effect of thermal  conduct iv i ty  i n  t h e  e l e c t r o n  gas ( G e i s l e r  

and Bowhill, 1965) i n d i c a t e s  tha t  a t  sunspot  minimum t h e  n e u t r a l ,  ion,  

and e l e c t r o n  temperatures  are equa l  a t  he ights  below approximately 160 km. 

Above t h i s  l e v e l  t h e  temperature  d i f f e r e n c e  (T - T ) rises r a p i d l y  u n t i l  

T is roughly t w o  t i m e s  T dur ing  t h e  daytime. On the  o t h e r  hand, T.  e n’ 1 

remains approximately equa l  t o  T u n t i l  about 300 lon. Above t h i s  l e v e l  

t h e  d i f f e r e n c e  (T - T ) i n c r e a s e s  u n t i l  T equa l s  T a t  1000 km, approxi- 

mately.  The rea f t e r ,  T and T. r e m a i n  equa l .  These r e s u l t s  were shown t o  

e n 

n 

i n i e 

e 1 

compare f avorab ly  wi th  experimental  d a t a .  

The v a r i a t i o n  of f F2 dur ing  s o l a r  e c l i p s e s  has  

but  c o r r e l a t i o n  w i t h  other ionospheric  parameters o r  

been unsuccess fu l  due t o  t h e  i r r e g u l a r  n a t u r e  of t h e  

t i o n  between t h e  v a r i a t i o n  of f F2 and t h e  change i n  

w a s  sugges ted  by s e v e r a l  observa t ions  of t h e  20 Ju ly  

0 

0 

been r e g u l a r l y  observed, 

processes  has  g e n e r a l l y  

v a r i a t i o n s .  A correla- 

e l e c t r o n  temperature 

1963 e c l i p s e  based 

on  e l e c t r o n  con ten t  measurements and ionosonde d a t a  (Pound, 1964; Pound 

e t  a1 . ~ 1966) and incoherent  backsca t t e r  measurements (Evans 1964, 1965a). 

Fol lowing a review of f F2 r eco rds  during t h i s  and p r i o r  e c l i p s e s ,  Evans 
0 
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(1965b) summarized t h e  theory  i n  t h e  fo l lowing  two cond i t ions  which  are 

necessary  f o r  a n  inc rease  i n  f F2 dur ing  a s o l a r  e c l i p s e :  
0 

(1) Tota l  o r  n e a r l y  t o t a l  e c l i p s e  a t  F1 r eg ion  he igh t s ,  

(2) Magnetic d i p >  - 60°. - 
These cond i t ions  fol low immediately from the  hypothes is  t h a t  t h e  i n c r e a s e  

i n  t h e  c r i t i c a l  frequency is t h e  r e s u l t  of a r a p i d  t r a n s p o r t  of i o n i z a t i o n  

downward from h e i g h t s  above t h e  F2 peak, occasioned by a r a p i d  decrease  

i n  t h e  e l e c t r o n  temperature,  and consequent ly  i n  t h e  scale he igh t  of t h e  

i o n i z a t i o n .  The f irst  cond i t ion  i n s u r e s  t h a t  t h e  e l e c t r o n  temperatures  

w i l l  decrease, s i n c e  the  product ion peak is  i n  t h e  F1 reg ion .  The second 

c o n d i t i o n  i s  n e c e s s a r y  f o r  s u f f i c i e n t  downward d i f f u s i o n  t o  take place,  

s i n c e  charged p a r t i c l e s  i n  t h e  ionosphere move only along t h e  l i n e s  of 

t h e  magnetic f i e l d .  

The two condi t ions  may not be s u f f i c i e n t  because t h e  magnitude of 

f F2 i s  determined by t h e  r e s u l t a n t  of product ion,  recombination, and 

d i f f u s i o n  e f f e c t s .  Therefore ,  some q u a n t i t a t i v e  measure would be r e q u i r e d  

f o r  p r e d i c t i n g  a n  inc rease  i n  f F2 w i t h  c e r t a i n t y .  

0 

0 

We are not however exc lus ive ly  i n t e r e s t e d  i n  t h e  v a r i a t i o n  of t h e  c r i t i c a l  

frequency but  r a t h e r  i n  the  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  through t h e  e c l i p s e  

period. S ince  N(h) curves  are not convenient  t o  observe t h e  e l e c t r o n  d e n s i t y  

a t  a sequence of times, graphs of cons t an t  e l e c t r o n  d e n s i t y  have been pre- 

pared f o r  t h ree  of t h e  s t a t i o n s ,  v i z .  Millstone H i l l ,  F o r t  Monmouth, and 

Anchorage ( f i g u r e s  9 through 11). The curves  are p l o t t e d  f o r  cons t an t  l og  

of t h e  plasma frequency (Mhz). For c l a r i t y  t h e  s t a t i o n s  w i l l  be d i scussed  

i n  turn ,  fol lowing pre l iminary  remarks about t h e  s o l a r  r a d i a t i o n  du r ing  the  

e c l i p s e  per iod .  

The Stanford 9.1 c m  spec t rohe l iogram f o r  20 Ju ly  1963 shows unusual ly  

b r igh t  s o l a r  a r eas  s i t u a t e d  a t  both t h e  east and t h e  w e s t  l i m b s  and a t h i r d  
I 
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t 

such a r e a  near  t h e  c e n t e r  of t h e  s o l a r  d i sc .  Measurements of 915 Mhz s o l a r  

f l u x  a t  Bedford, Massachuset ts  (Miner, 1964) show unusual  v a r i a t i o n s  a t  1637 

and 1657 EST which correlate wi th  t h e  covering of t h e  b r i g h t  a r e a  on t h e  east 

l imb and t h e  uncovering of t h a t  on t h e  w e s t  limb. Th i s  c o r r e l a t i o n  provides  

s p e c i f i c  t i m e s  f o r  some of t h e  v a r i a t i o n s  i n  solar r a d i a t i o n  t h a i  resulted 

from t h e  non-uniform b r igh tness  of t h e  solar  d i s c .  The t i m e s  apply e q u a l l y  

t o  Mi l l s tone  H i l l  which is  26 m i l e s  from Bedford. 

A t  Mi l l s tone  H i l l  (see f i g u r e  91, p r i o r  t o  t h e  e c l i p s e ,  t h e  e l e c t r o n  

d e n s i t y  w a s  i n c r e a s i n g  a t  h e i g h t s  above 210 km and decreasing below t h a t  l e v e l .  

S ince  t h e  mid-afternoon time impl i e s  decreas ing  product ion t h e  i n c r e a s e  a t  

t h e  h ighe r  l e v e l s  must be a t t r i b u t e d  t o  downward d i f f u s i o n  of t h e  i o n i z a t i o n  

from above t h e  peak, whereas t h e  decrease a t  t h e  lower l e v e l s  is due t o  recom- 

b i n a t i o n .  The c o n s t a n t  d e n s i t y  a t  he igh t s  near  210 km i n d i c a t e s  t h a t  downward 

d i f f u s i o n  of e l e c t r o n s  approximately balanced decreas ing  product ion and recom- 

b i n a t i o n .  Thus, above about 210 km d i f f u s i o n  c e r t a i n l y  predominated over  

loss, wh i l e  below t h i s  l e v e l  down t o  about 200 km i t  is l i k e l y  t h a t  downward 

d i f f u s i o n  of e l e c t r o n s  t o  t h e  more lossy  iower reg ion  belo.;*. 200 k n  ~2.5 r a p i d  

enough t o  cause  t h e  e l e c t r o n  d e n s i t y  t o  decrease .  

Fol lowing f irst  c o n t a c t  (1542 EST) t h e  e l e c t r o n  d e n s i t y  decreased a t  

a l l  l e v e l s  a s  expected, s i n c e  t r anspor t  from above t h e  peak could no t  immedi- 

a t e l y  coun te rac t  t h e  sudden decrease  i n  product ion .  The decrease  i n  e l e c t r o n  

d e n s i t y  w a s  n o t i c e a b l y  more r a p i d  near t h e  product ion peak a t  approximately 

170 lan. The dec rease  of e l e c t r o n  dens i ty  j u s t  below t h e  F2 peak s h o r t l y  

gave way t o  a n  i n c r e a s e .  This  change is due t o  t h e  downward t r a n s p o r t  of 

e l e c t r o n s  t o  t h e  r e g i o n  of t h e  peak. 

The l a r g e  v a r i a t i o n s  i n  e l e c t r o n  d e n s i t y  between 1550 and 1609 EST 

i n d i c a t e d  by t h e  contours  do not  seem reasonable .  I t  may be t h a t  t h e  1600 
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EST d a t a  which a lone  determine t h e  l a r g e  d i p  i n  t h e  contours  are i n  error, 

s i n c e  t h e  Mi l l s tone  H i l l  ionograms were of poor q u a l i t y  and s i n c e  t h e  contours  

f o r  For t  Monmouth do  no t  show t h i s  dip,  a l though t h e  graphs  are o therwise  

very  s i m i l a r .  

Between 1609 and 1637 EST t h e r e  was some f l u c t u a t i o n  i n  t h e  e l e c t r o n  

d e n s i t y  a t  a l l  but t h e  lowest h e i g h t s .  The n e t  e f f e c t  w a s  a n  i n c r e a s e  i n  

t h e  d e n s i t y  above 240 km and a n e t  decrease  below t h i s  l e v e l .  The behavior  

i s  s imilar  t o  t h a t  p r i o r  t o  t h e  e c l i p s e  except  t h a t  t h e  r a t e  of change is 

d i f f e r e n t .  The decrease  of e l e c t r o n  d e n s i t y  between 210 and 240 km does 

not  have t o  be a t t r i b u t e d  t o  recombinat ion s i n c e  i t  could a l s o  be due t o  

t h e  cont inuing  decrease  of product ion  and t o  t h e  t r a n s p o r t  of e l e c t r o n s  from 

t h i s  r eg ion  down t o  t h e  more l o s s y  r eg ion  around 200 km. During t h i s  i n t e r v a l ,  

f F2 r o s e  s t e a d i l y  which is  c o n s i s t e n t  wi th  a downward f l u x  from above t h e  

peak. 

0 

Following 1637 EST, t h e  e l e c t r o n  d e n s i t y  a t  most h e i g h t s  decreased  i n  

response t o  the  cover ing  of an e x c e p t i o n a l l y  b r i g h t  a r e a  on t h e  s o l a r  d i s c .  

The behavior  of t h e  i o n i z a t i o n  was s i m i l a r  t o  t h a t  a t  f i r s t  c o n t a c t  except  

t h a t  t h e  e l e c t r o n  d e n s i t y  remained cons t an t  a t  t h e  upper h e i g h t s  below t h e  

peak. The c r i t i c a l  f requency inc reased  s l i g h t l y ,  a t t a i n i n g  i t s  maximum 

e c l i p s e  va lue  a t  approximately 1640 EST. 

Following 1640 EST t h e  d e n s i t y  inc reased  a t  a l l  l e v e l s  except  nea r  t h e  

peak. The inc rease  cont inued through t h e  pe r iod  of maximum phase, a t  1650 

EST a t  t h e  lower l e v e l s .  However, a dec rease  began a t  t h e  a l t i t u d e s  j u s t  

below t h e  peak i n d i c a t i n g  t h a t  i o n i z a t i o n  was be ing  r a i s e d  t o  h ighe r  a l t i -  

t udes  by t h e  inc rease  of t he  e l e c t r o n  tempera ture  d u r i n g  t h e  second ha l f  of 

t h e  e c l i p s e .  Following 1645 EST, t h e  uncovering of an  unusua l ly  b r i g h t  solar  

a r e a  caused a sudden i n c r e a s e  i n  t h e  e lectron d e n s i t y  a t  lower he igh t s ,  but  



23 

a decrease  a t  h igher  l e v e l s  due t o  inc reased  product ion  and e l e c t r o n  tempera- 

t u r e .  

i.e., a t  t h e  same he igh t  l e v e l s ,  t h e  oppos i te  e f f e c t s  corresponding t o  decreas- 

i ng  and i n c r e a s i n g  e c l i p s e  phase appeared a t  t h e s e  t i m e s .  The dec reas ing  

e l e c t r o n  d e n s i t y  a t  the  h ighe r  a l t i t u d e s  t o g e t h e r  w i t h  a s t eady  dec rease  i n  

t h e  c r i t i c a l  f requency i n d i c a t e  upward t r a n s p o r t  dominant down t o  200 km 

approximately,  below which t h e  inc rease  i n  d e n s i t y  i n d i c a t e s  t h a t  p roduct ion  

was dominant. 

After 1752 EST a p a t t e r n  analogous t o  t h a t  a f t e r  1620 became ev iden t ,  

A t  l a s t  contac t ,  1748 EST, t h e  e l e c t r o n  d e n s i t y  was l o w e r  than  a t  first 

con tac t ,  which is t o  be expected for a l a t e  a f t e rnoon  e c l i p s e .  

The contours  of cons t an t  plasma frequency a t  For t  Monmouth (see f i g u r e  10) 

a r e  ve ry  s imilar  t o  those  a t  Mi l l s tone  H i l l  except  f o r  t h e  i n t e r v a l  1550- 

1609 EST previous ly  noted.  The demarcation between upper r eg ions  where t r ans -  

po r t  is dominant and l o w e r  reg ions  where the  loss is more s i g n i f i c a n t  appears  

t o  be a t  a h ighe r  a l t i t u d e  t h a n  a t  Mi l l s tone  H i l l  and is clearly i n d i c a t e d  

between 1550 and 1630 EST. The decrease i n  e l e c t r o n  d e n s i t y  a t  h e i g h t s  near  

t h e  product ion  peak was aga in  very  r ap id  and analogous behavior  between t h e  

f i rs t  and second ha lves  of t h e  e c l i p s e  are s i m i l a r l y  w e l l  i n d i c a t e d .  

A t  Anchorage (see f i g u r e  l l ) ,  where t h e  e c l i p s e  occurred i n  t h e  morning, 

t h e  e l e c t r o n  d e n s i t y  a t  a l l  h e i g h t s  of i n t e r e s t  w a s  i n c r e a s i n g  p r i o r  t o  t h e  

e c l i p s e .  Following first c o n t a c t  a t  0848 AST, t h e  expected decrease  i n  

e l e c t r o n  d e n s i t y  occurred  a t  a l l  he ights ,  followed s h o r t l y  by i n c r e a s i n g  

d e n s i t y  a t  t h e  h igher  a l t i t u d e s .  The t r a n s i t i o n  between he igh t  r eg ions  

c h a r a c t e r i z e d  by loss and by t r a n s p o r t  e f f e c t s  occurred a t  approximately 

200 km. 

The peaked contours  a t  0935 AST could be t h e  r e s u l t  of i r r e g u l a r  s o l a r  

b r i g h t n e s s ,  s i n c e  t h e  uncovering of an unusual ly  b r i g h t  area would cause 

a d e c r e a s e  i n  t h e  e l e c t r o n  d e n s i t y  as  d i d  occur. However, a s i m i l a r  exp lana t ion  
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cannot be invoked t o  e x p l a i n  t h e  v a r i a t i o n  of t h e  e l e c t r o n  d e n s i t y  a t  1015 

AST, s i n c e  t h i s  would r e q u i r e  t h e  covering of a b r i g h t  a r e a  a f t e r  maximum 

e c l i p s e  phase, E lec t ron  d e n s i t y  a t  l a s t  con tac t  w a s  somewhat h ighe r  than 

a t  f i rs t  contac t ,  which is normal f o r  a morning e c l i p s e .  

In  summary, t h e  o v e r a l l  behavior  of t h e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  

a t  t h e  three s t a t i o n s  where t h i s  d i s t r i b u t i o n  w a s  considered i n  de ta i l  shows 

many s i m i l a r i t i e s  a l though t h e  pre- and pos t - ec l ip se  va lues  were d i f f e r e n t ,  

as t h e y  were expected t o  be. 

Excluding br ief  f l u c t u a t i o n s  which are be l ieved  t o  r e s u l t  from t h e  

covering and uncovering of unusual ly  b r i g h t  a r e a s  on t h e  s o l a r  d i s c  and those  

whose o r i g i n  is e n t i r e l y  uncer ta in ,  t h e  s i m i l a r i t i e s  i n  t h e  p a t t e r n  of e l e c t r o n  

d e n s i t y  v a r i a t i o n  can be summarized as fo l lows :  

(1) a decrease a t  a l l  l e v e l s  fo l lowing  f i r s t  con tac t ,  

(2) a change t o  i n c r e a s i n g  e l e c t r o n  d e n s i t y  beginning a t  t h e  h ighe r  

l e v e l s  and cont inuing  down t o  an  in t e rmed ia t e  l e v e l  around 210 

o r  240 km, 

(3) an inc rease  a t  almost a l l  l e v e l s  fo l lowing  maximum e c l i p s e  phase, 

and 

(4)  a change t o  decreas ing  e l e c t r o n  d e n s i t y  beginning a t  t h e  h i g h e s t  

l e v e l s  below t h e  F2 peak and ex tend ing  down t o  t h e  same l e v e l  as 

i n  ( 2 ) .  

This  behavior agrees v e r y  w e l l  wi th  t h e  theo ry  t h a t  downward d i f f u s i o n  

caused by decreased e l e c t r o n  temperatures  causes  an i n c r e a s e  i n  f F2 dur ing  

an e c l i p s e ,  and f u r t h e r  i n d i c a t e s  t h e  g e n e r a l  he igh t  i n t e r v a l s  where t h e  

t r a n s p o r t  processes  dominate. The d i f f e r e n c e s  between pre- and pos t - ec l ip se  

e l e c t r o n  dens i ty  va lues  a t  t h e  d i f f e r e n t  s t a t i o n s  ag ree  wi th  t h e  t i m e  of 

day  a t  which t h e  e c l i p s e  occurred .  Pos t - ec l ip se  va lues  were h ighe r  only  

a t  Anchorage w h e r e  the  e c l i p s e  occurred  i n  t h e  morning. 

0 
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6. The Parameter Scat 

The parameter S is one of several thickness parameters relating to cat 

is defined by means of the parabola 'cat the F2 peak. 

I 

fitted to the underside of the F2 peak. 

values of the true height curve are used to obtain Y after which S is 

obtained from the definition (Wright, 1962) 

Nm, the peak electron density, and 

m cat 

(6-2) 
1 = - Y  

'cat 2 m '  

The parabola of equation (6-1) closely approximates the peak of a Chapman 

distribution which is described by 

h-h h-h 
1 m exp(- Trn) I N = N exp-[1 - - - m 2 H (6-3) 

(Wright, 1962). This fact can readily be verified. Power series approxi- 

mation of the exponential terms in equation (6-3) yields 

which is the same as equation (6-1) provided 

1 - Y  = H .  
2 m  (6-5) 

The above analysis thus leads to 

= H .  'cat 

The power series approximation required to obtain equation (6-4) from 

equation (6-3) retains three terms of the series for the inner exponential 
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and two terms for the remaining exponential factor. These approximations 

do not introduce error greater than 5.5% if the exponent is less than 0.6 

for the three term series and 0.3 for the two term series. 

The interest in the relations of equations (6-4) and (6-6) arises from 

the fact that equation (6-3) is also a theoretical result for a layer where 

the processes of production and recombination type loss are in equilibrium, 

although in this case h refers to the height of maximum production and not 

to the height of the F2 peak. It has also been shown that it is the equili- 

brium form theoretically expected of a layer under the combined influence 

of diffusion and attachment like loss (Hirono, 1955). Non-equilibrium tempera- 

tures can be introduced by the relation 

m 

m I 

= - 1 H(l +-I e 
Ti 

‘cat 2 (6- 7 )  

cat (Wright, 1964). It should be noted, however, that the relation between S 

and scale height is valid only for equilibrium conditions for which the 

profile can be approximated by a Chapman distribution. 

To test the validity of this relation, the scale height over Millstone 

and 

These values appear in table 3 

i’ Te’ Hill at intervals of roughly a half-hour was computed using T 

(Te/Ti) as determined by Evans (1965s). 

together with values of S computed from the definition. Agreement is 

not found at any time. The closest approximation to agreement occurs during 

the eclipse period although one would expect the best agreement during approxi- 

mately static periods such as prior to the eclipse. 

cat 

Values of S were plotted versus time for the eclipse day and control 

days where data were available. The graphs appear in figures 12 through 16. 

It is immediately evident from the graphs that S fluctuates rapidly and 

might perhaps be more Useful in terms of averaged values. At several Stations, 

cat 

cat 
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Table  3. Comparative Ca lcu la t ion  of S cat  

Mi l l s tone  H i l l ,  20 J u l y  1963: 

(km) determined 'cat by parabola  f i t t e d  t o  
EST t r u e  he ight  curve a t  

F2 peak: 

1429 42.8 

1459 54.7 

1532 48.6 

1600 52.0 

1630 42.7 

1657 42.7 

1730 42.2 

1800 42.7 

'cat (km) c a l c u l a t e d  
from t h e  equa t ion  

76.2 

76.2 

65.7 

45.7 

40.0 

45.7 

45.7 

48.6 

t h e  f l u c t u a t i o n s  w e r e  s eve re ly  reduced dur ing  t h e  t i m e  of t h e  e c l i p s e .  This  

e f f e c t  is  m o s t  ev iden t  a t  Winnipeg w h e r e  a "bite-out ' '  shape c h a r a c t e r i z e s  

t h e  graph du r ing  t h e  f i r s t  two hours of the  e c l i p s e  which l z s t e d  apprmcimately 

two and one h a l f  hours  a t  t h a t  s t a t i o n .  A s i m i l a r  but less pronounced e f f e c t  

occu r red  a t  For t  Church i l l .  A t  Anchorage t h e  e c l i p s e  decreased t h e  parameter 

va lues  and a t  Mi l l s tone  H i l l  i t  reduced t h e  v a r i a t i o n s  but not t h e  approximate 

average  va lue .  No e f f e c t  was evident  a t  For t  Monmouth. 

From t h e  above cons idera t ions ,  i t  seems reasonable  t o  conclude 

t h a t  Scat is not  a u s e f u l  approximation t o  t h e  s c a l e  he igh t  above t h e  F2 

peak and t h a t  t h e  th i ckness  of t he  peak and consequently t h e  parameters t h a t  

d e s c r i b e  i t  a r e  r e l a t e d  t o  t h e  e l e c t r o n  and ion  temperatures  i n  some o t h e r  

manner. 

t empera ture  r e s u l t s  i n  a decrease  

However, t h e  r e s u l t s  do tend t o  show t h a t  a r e l a x a t i o n  of t h e  e l e c t r o n  

Of 'cat '  
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7. Conclusions 

The fol lowing conclus ions  fo l low from the  data presented and t h e  d i s -  

cuss ions  r e l a t i v e  t o  t h e  d i f f e r e n t  ionospher ic  r eg ions :  

(1) I n  t h e  E region,  t h e  e l e c t r o n  d e n s i t y  a t  a l l  t h e  s t a t i o n s  w a s  

c l e a r l y  under c l o s e  s o l a r  con t ro l ,  showing a decrease from f i r s t  con tac t  t o  

t h e  approximate t i m e  of maximum obscura t ion  and t h e r e a f t e r  an  inc rease .  

Pos t - ec l ip se  va lues  were h igher  than t h e  pre-ec l ipse  va lues  a t  Anchorage, 

and lower a t  t h e  o t h e r  s t a t i o n s ,  t h e  d i f f e r e n c e  being g r e a t e r  a t  t h e  eastern 

s t a t i o n s  where t h e  e c l i p s e  occurred l a t e  i n  t h e  a f te rnoon.  

(2)  I n  t h e  F1 region,  t h e  behavior  of t h e  e l e c t r o n  d e n s i t y  w a s  s i m i l a r  

t o  t h a t  i n  the E reg ion  wi th  t h e  a d d i t i o n a l  phenomenon t h a t  t h e  ledge i n  t h e  

t r u e  he ight  p r o f i l e  e i the r  disappeared o r  was diminished a t  a l l  s t a t i o n s  

during t h e  m i d d l e  of t h e  e c l i p s e .  This  e f f e c t  was less n o t i c e a b l e  a t  Anchorage 

where t h e  e c l i p s e  occurred i n  t h e  morning and where consequent ly  t h e  normal 

behavior i n  the absence of an e c l i p s e  would have been f o r  t h e  ledge t o  become 

more pronounced. 

(3) In  t h e  F2 reg ion  c l o s e  s o l a r  c o n t r o l  of t h e  e l e c t r o n  d e n s i t y  e x i s t e d  

only f o r  a br ie f  per iod fo l lowing  f i r s t  c o n t a c t .  The rea f t e r ,  changes i n  t h e  

e l e c t r o n  dens i ty  d i s t r i b u t i o n  were determined by t h e  compet i t ive  e f f e c t s  of 

t r a n s p o r t ,  production, and recombination. The contours  of cons t an t  plasma 

frequency i n d i c a t e  a t r a n s i t i o n  l e v e l  a t  approximately 200 t o  230 km above 

which t r anspor t  p rocesses  appeared t o  be dominant over  recombinat ion.  
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Figure 1. Fraction of. Solar D i s c  Unobscured vs .  Time a t  Millstone H i l l  
(Westford), Massachusetts. The eclipse was t o t a l  at  300 lan 
at  1650 EST. 
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